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0 SynchronKzatlon control capable of establishing synchronization without transmission of distance 
information between control and local earth stations. 



0 In a TDMA satellite communication networlc 
comprising control and local eartii stations commu- 
nicable with one anotiier tlirough a satellite, a time 
difference between transmission and reception of a 
reference burst is measured at tiie control eartii 
station to detect a time deviation (Tb) firom a stan- 
danil offset time (SO) predetermined for tiie control 
eartii station. In the control earth station, the time 
deviation is doubled and added to the standard 
offset time to provide -a reception time instant (t») for 
the local for the local earth station. Thus, tiie recep- 
tion time instant is varied and predicted in the con- 

atrol earth station witti reference to tiie time deviation 
detectad in the control eartii station. The local eartii 
station determines a transmission time instant (ti or 
^tiO by delaying a reception timing signal by a pre* 
^determined time interval (Ta) (Rg. 3). 
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SYNCHRONIZATION CONTROL CAPABLE OF ESTABUSHING SYNCHRONIZATION WITHOUT TRANSMIS- 
SION OF DISTANCE INFORMATION BETWEEN CONTROL AND LOCAL EARTH STATIONS 



Background of the Invention: 

This invention relates to an earth station for use 
in a time division multiple access (often abbre- 
viated to TDMA) satellite communication network. 

A TDMA satellite communication network com- 
prises a plurality of earth stations communicable 
with one another through a geostationary sateintB - 
(hereafter referred to simply as a satellite) in a time 
division ^ion. Such communication is cam'ed out 
in each earth station by sending an up-Unk signal 
to the sateDite and by receiving a down-Unk signal 
finom the satellite. Each of the up-IInk and the 
down-link signals Is divisible Into a succession of 
frames. Each frame includes a plurality of time 
slots to which bursts are assigned by the respec- 
tive earth stafions* 

In such a communication network, accurate 
synchronization must be established in relation to 
the frames and the bursts of each of the up-Iink 
and the down-link signals. Otherwise, ovedap takes 
place between two adjacent ones of the bursts. 

One of tire earth stations is selected as a 
control or reference earth station for producing a 
succession of reference bursts which define the 
frames in the up-IInk signal sent from the control 
earth station and which may collectively t>e called a 
transmission reference timing signal. The reference 
bursts appear through the satellite in the down-Dnlc 
signal and are delivered to each earth station as a 
reception timing signal. The earth stations establish 
frame synchronization with reference to the recep- 
tion timing signal and thereafter carry out reception 
and transmission. In addition, transmission timing is 
also determined in each earth station in relation to 
tiie reception timing signal. 

On receiving a burst from the down-link signal 
wfttiin an assigned one of tiie down-link signal after 
establishment of the frame synchronization, each 
earth station detects a fixed pattern by monitoring 
autocorrelation t)etween the fixed pattern and a 
received pattern included In a received one of tiie 
bursts. However, false or wrong detection of tiie 
fixed pattem often takes place due to thermal noise 
and the like. 

in order to avoid such false detection, each 
eartti station is controlled so as to Intemnltfently 
open a window at a predicted time tocation at 
which a burst might be received. In ttiis event 
detection of the fixed p>attem Is valid only when the 
window Is opened. As a result superfluous or false 
detection of the fixed pattem becomes invalid in 
each eartii station. 



In the meanwhile, a distance is variable be- 
tween the satellite and each earth station in the 
TDMA satellite communication ttecause the satellite 
fluctuates from a standard position to a deviated 
5 position Witt) time wttti a spatial deviation left be- 
tween the standard and ttie deviated positions. It is 
therefore necessary to control or adjust synchro-. 
nization of each earth station in consideration of a 
variation or deviation of a distance between the 

70 satellltB and the earth station under consideration. 

In a conventional TDMA satellite communica- 
tion network, synchronization of each earth station 
Is carried out so tfiat tiie reception timing signal is 
received within the window by controlling tfie trans* 

T5 mission timing. 

More parficulariy, each earth station deter- 
mines its own reception time slots wftti reference to 
the reference bursts to open the window at the 
reception time locations. Under the circumstances, 

20 the transmission timing of each earth sation Is 
controlled so as to cany out reception within the 
windows. For example, it Is assumed that a certain 
earth station can transmit its own burst to tiie 
sateiUtB and receive the own txjrst in question as a 

26 reception burst in this event a time relationship 
between the reference burst and the own burst is 
monitored to control tfie transmission timing wl^ 
might vary due to fluctuation of the satellite. On flie 
otiier fiand, when an eartii station can not receive 

30 the own burst the transmission timing is adjusted 
In the earth station In response to an information 
signal which is indicative of fluctuation of the sat- 
ellite and which Is given from any other earth 
station. Such an Information signal may be either a 

35 position error signal representative of a difference 
between tiie standard position and the deviated 
one or a distance signal representative of a dis- 
tance between the deviated position of tfie satelEte 
and each earth station. 

40 As mentioned before, each earth station must 
carry out operation so as to adjust synchronization 
and to correct fluctuation or variation of the satellite 
when the transmission timing Is controlled In each 
earth station. Moreover, either the position error 

45 signal or the distance signal should be sent from 
any other station to the earth station when the earth 
station In question can not receive its own trans- 
mission burst Thus, a superfluous information sig- 
nal must be transmitted between tiie eartti stations. 

50 Transmission of a superfluous information signal 
gives rise to a reduction of throughput In the sat* 
einte communication network. 
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Moreover, communlcatfon control is widely dis- 
tributed to the Idcai earth stations in addition to the 
control earth station. This means concentration of 
communication control difficuit 

At any rate, ah expensive and complicated 
•transmission timing control device must be Includ- 
ed In each local earth station to control the trans- 
mission timing and results In an increase of costs 
of the focaJ earth station and in an increase of a 
load In the local earth station. 



Summary of the Invention: 

It is an object of this invention to provide a 
time division multiple access (TDMA) satellite com- 
munication network which capable of establish- 
ing synchronization without transmission of die* 
tance information between control and local earth 
stations so as to Increase throughput of the net- 
work. 

It is another object of this invention to provide 
an earth station which is used In a TDMA satellite 
communication network of the type described and 
which makes control of transmisston timing unnec- 
essary. 

It is a further object of this invention to provide 
an earth station of the type described which Is 
operable as a control earth station and which favor- 
ably controls synchronization of the TDMA satellite 
communication network. 

It Is a still further object of tills invention to 
provide an eartti station of tiie type described, 
which is operable as a local eartii station and which 
Is simple in structure and Inexpensive. 

A control earth station to which this invention is 
applicable Is for use In a time division multiple 
access network to communicate with a local earth 
station through a geostationary satellite which fluc- 
tuates from a standard position Into a deviated 
position with time witii a spatial deviation left be- 
tween tiie standard and the deviated positions. The 
control earth station comprises transmission timing 
means for transmitting a transmission reference 
timing signal towards the geostationary satellite, 
detecting means for receiving a reception timing 
signal which results from the transmission refer- 
ence timing signal sent back from tiie satellite, and 
reception timing control means coupled to the 
transmission timing means and the detecting 
means for controlling a reception time instant de- 
termined for the local earth station. According to 
this invention, the reception timing control means 
comprises measuring means responsive to the re- 
geption timing signal for measuring a time dif- 
ference between the transmission reference timing 
signal and the reception signal to determine an 
actual distance between the control eartfi station 



and tiie satellite, standard delay providing means 
for providing a standard delay time detemnined by 
a standard distance between the control eartii sta- 
tion and the standard position of the satellite, de- 

6 tecting means coupled to the measuring means 
and the standard delay providing' means fbr detect- 
ing a time deviation resulting from the spatial de- 
viation of ttie satellite, with reference to the time 
difference and the standard delay time, and varying 

70 means coupled to the detecting means and the 
standard delay providing means for varying the 
reception time instant for the local earth station 
witii reference to ttie standard delay time and the 
time deviation. 

Brief Description of the Drawing; 

Rg. 1 is a time chart for use in describing 
20 operation of a conventional TDMA satellite commu- 
nication network; 

Rg. 2 is a time chart for use in describing a 
principle of tiiis invention; 

Rg. 3 is a block diagram of a control earth 
26 station according to a prefenred embodiment of tills 
invention; 

Rg. 4 Is a block diagram fbr use in descrit>- 
ing a part of tiie control earth station illustrated in 
Rg. 3 In detail; and 
30 Rg. 5 is a block diagram of a local eartii 

st^n communicable with the control earth station 
illustrated In Rgs. 3 and 4. 



as Description of tiie Preferred Smbodlment; 
Prior Art 

Referring to Rg. 1, a conventional synchronize- 

40 tion control metiiod will be described fbr a better 
understanding of tiiis Invention. Such a control 
method Is applicable to a time division multiple 
access (TDMA) satellite communication networic 
comprising a plurality of eartii stations one of which 

46 is operable as a control or reference earth station 
11 the remaining ones of which are operable as 
local or peripheral eartti stations exempRfied by a 
single local eartti station 12. Each of ttie contix>l 
and the local earth stations 11 and 12 is commu- 

50 nicable with one another through a satellite 13. 

The control earth station 11 can transmit a 
reference burst to the satellite 13 in the form of an 
up-iink signal to deliver the reference burst to the 
respective eartti stations In ttie fbnm of a down-link 

55 signal. 



3 



5 



0 237 972 



6 



The satel&te 13 might undesirably move from a 
standard posiGon to a deviated position with a 
spatial deviation or distance variation left between 
the standard and the deviated positions, afthough 
the satelGte is placed on a geostationary orbit 
Therefore, the control earth station 1 1 measures a 
distance between the satellite 13 and one or a 
piuraTity of the earth stations In the Illustrated sat- 
ellite communication network. The measured dis- 
tance may be either a distance between the earth 
station or stations and the standard position of the 
satellite 13 or a distance between the earth station 
or stations and the deviated position of the satellite 
13. Anyway, the measured distance indicates an 
actual distance between the earth station or sta- 
tions and the satelGte 13. The measured distance is 
produced from the control earth station 11 as a 
distance information signal representative of the 
measured distance, aHhough description will be 
made only as the position Infomnation signal. Since 
the measured distance may be indicative of a 
position of the satellite 13, the measured distance 
may be produced as a position Information signal. 
In addition, the illustated control station 11 can 
measure the spatial deviation between the standard 
and the deviated positions to produce a positton 
error signal Indicative of tiie spatial deviation. 

On the other hand, it is assmned that each of 
the local earth stations 1 2 can control and correct a 
transmission timing assigned thereto in response to 
the distance or position Information signal and the 
position error signal. When ttie local earth station in 
question can not receive its own transmission burst 
through the satellite 13; the po^'on ennor signal 
must be deEvered to the local earth station in 
question. Otherwise, delivery of the position error 
signal is unnecessary. In the example being illus- 
trated, the illustrated local eartii station 12 can not 
receive its own transmission burst 

On initiallization of the network, tiie reference 
burst Is sent as a reference timing signal RT from 
the control earth station 11 through the satellite 13 
to the illustrated local eartii station 12. In tiiis event 
the position Information signal is also given from 
tfie control earth station 1 1 to the local earth station 

12. Responsive to the reference timing signal RT, • 
tfie local earth station 12 determines an actual 
transmission timing AT witti reference to a rscep* 
tion timing of the reference timing signal RT. For 
this purpose, the local earth station 12 previously 
calculates a standard offeet time value SO deter- 
mined by ttie distance between the local eartii 
station 12 and the standard position of the satellite 

13. The local eartii station 12 adjusts ttie standard 
offeet time value SO In rasponse to the position 
information signal. Specifically, a correction value 
CV is calculated from ttie position information sig- 
nal in the local earth station 12 and Is added to or 



subtracted from the stardard offset time value SO. 
In consequence, an actual offset time value AO is 
obtained by the local earth station 12 to determine 
the actual transmission timing AT. The tranannis- 
6 sion burst Is transmitted from the local earth 
stationl2 at the actual transmission timing and Is 
rsoeived by the control earth station 11 through the 
satellite 13. In the illustrated example, tiie correc- 
tion value OV Is sut)tractBd from the standard offset 

70 time value SO. This shows that the satellite 13 
becomes nearer to the local earth station 12 tiian 
the standard position. 

Once synchronlzatton is estabDshed among ttie 
earth stations, the control earth station 11 receives 

79 the transmission burst transmitted from each local 
station together with the reference burst (depictd at 
RB) returned back from the satelRts 13. In Rg. 1, 
the transmission burst Is assumed to be trananit- 
tad at anottier transmission timing depleted at ATI 

20 with reference to the reference burst RB and is 
received tiirough the satellite 13 at an actual recep- 
tion time instant RTl. if the transmission burst is to 
be receh^ by tfie control eartii station 11 at a 
normal reception time iostant RTn. a time deviation 

26 TD takes place between the normal and the actual ' 
reception time Instants RTn and RTl and might be 
equal to the correction value OV. The control eartii 
station 1 1 monitors the time deviation TD t^etween 
, the normal and the actual reception time instants 

30 RTn and RTl In response to the reference burst 
sent back from the satellite 13. The time deviation 
TD Is defivered in the form of the po^on error 
^gnal from the control earth station 11 to ttie 
IDustrated local eartii stations 12 through the sat- 

35 eliite 13. The local earth station 12 controls ttie 
transmlssioi timing in response to the time de- 
viation TD so that the transmission burst of the 
local earth station 12 is received at ttie normal 
reception time Instant RTn. 

40 In any event the transmis^on timing should be 
varied by the use of a transmission timing control 
device In each local eartii station. In addition, a 
superfluous information signal, such as the position 
" information signail and the position error signal, 

45 must be transmitted among the earth stations. This 
resulte In a reduction of throughput In the TDMA 
sateiDte communication network. 



60 Principle of the Invention 

Refem'ng to Rg. 2. a principle of ttiis invention 
will be descnlied so as to fadntate an understand- 
ing of this invention. This invention is applicable of 
65 a TDMA satellite communication network compris- 
ing a plurality of eartii stations whteh are divisilMe 
into a control earth station 11' and local eartii 
stations 12* and which are communicable witii orb 
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another through a sateinte (not shown in this fig- 
ure), like in Rg. 1. The satellite is placed on an 
orbit which is spaced apart from the earth's surface 
by an altitude of about 36,000 l<m. The earth sta- 
tions are distributed on the earth's surface with a 
spatial interval or distance left between two adja- 
cent ones of tile earth stations. The spatial interval 
is several thousands of Idlometers at most and is 
very shorter than the altitude of the satellite. 

Distanced fc>etween the eartti stations and tiie 
satellite are different from one another and are 
variable with time, as mentioned in conjunction with 
Rg. 1. 

This means ttiat delay times between the earth 
stations and the satellite are also different from one 
anottier and variable witti time. However, it is to be 
noted that differences and variations of the delay 
times can be very shorter than a width of a window 
opened for synchronization of the respective earth 
stations. Such differences and variations of tiie 
delay times may therefore be absorbed by sub- 
stituting a time variation of the delay time mea- 
sured at the control earth station 11' for the time 
variations of delay times measured at the respec- 
tive earth stations and by selecting the widtii of the 
window. A time variation of the control earth station 
11' may t>e called a selected time variation. Such 
substitution of the selected time variation of delay 
time in question scarcely influences synchroniza- 
tion when differences between the selected time 
variation and the other time variations are smaller 
than the widths of the windows. 

In order to carry out the above-mentioned sub- 
stitution of the time variation, tfie control earth 
station 11' comprises a distance measurement de- 
vice 15 for measuring the actual distance between 
tiie control earth station 11' and tiie satellite by 
detecting a time difference between transmission of 
the reference burst and reception of the reference 
burst returned bade to ttie control eartti station 11 
tiirough the satellite. 

In Rg. 2, a reference burst Is transmitted from 
tfie control earth station 11 to ttie respective earth 
stations through the satellite as a transmission ref- 
erence timing signal RE at a predetermined period 
of, for example. 210 milliseconds. The control earth 
station 11 has a standard offset time value SO 
previously calculated wtth reference to a standard 
distance between the control earth station 11' and 
tiie standard position of tiie satellite. 

Let a delay time between tiie satellite and the 
conti'ol earth station 11' be equal to ttie standard 
offset time value SO. In this event, operation is 
canied out in a manner as shown at dot-and-dash 
lines in Rg. 2. 



More specifically, each reference burst RE is 
received by the control earth station 11' through 
the satellite at a reference time instant t, after lapse 
of a standard offset time which is equal to the 
5 standard offset time value SO. Likewise, tiie refer- 
nece burst RE is also received by the local eartti 
stations 12* after lapse of each tocal tffset time 
whteh may slightiy be different from ttie standard 
offset time and which* is determined by the dis- 

70 tance between each earth station and the satellite. 

The illustrated local station 12* receives the 
reference burst RE at a local reception time instant 
ti as a reception timing signal and determines a 
local transmission time Instant ti witii reference to 

75 the local reception time instant t,. In tiie example 
being illustrated, tiie local ti^nsmlsslon time instant 
U appears after lapse of a predetermined time 
Interval Ta. The predetermined time interval Ta is 
defined at every local earth station 12' in consider- 

ao ation of the time variation or time difference of ttie 
delay times between the control eartti station 11' 
and the local earth station 12*. 

Transmission is carried out at the local tirans- 
misston time instant ts in a direction from tiie local 

26 eartti station 12' to tiie control eartti station ir. 
Reception is made at ttie conti^ol eartti station 11' 
within a window opened for the reception. 

Let variations of delay times take place t>e- 
tween the control and the local earth stations 11' 

30 and 12* as a result of movement of the satellite 
from ttie standard position to the deviated one. In 
this sitijation, it is assumed that the reference burst 
RE is received as a reception timing signal at a 
control reception time instant U after a delay time 

35 Tb which corresponds to twice the spatial variation 
left between the standard and the deviated posi- 
tions of the satellite and which may be referred to 
as tiie twice variation of the delay time in the 
control earth station 11'. Anyway, ttie distance 

40 measurement device in tiie control earth station 11' 
determines ttie distance between ttie control eartti 
station 11' and tiie deviated position of ttie satellite 
by measuring a time difference between the Uans- 
mission reference timing signal (defined by the 

46 reference burst RE) and ttie control reception time 
instant ti. 

Suppose that a distance between the local 
eartti station 12' and the deviated position of the 
satellite is longer tiian the distance between the 

50 confol eartti station 11' and tiie deviated position. 
Operation is carried out in a manner as depicted at 
solid lines. More particularly, arrival of the refer- 
ence burst RE at tiie k)cal eartti station 12* is 
delayed relative to Its anival at ttie confol eartti 

55 station 11'. As a result, tiie reference burst RE is 
received as a reception timing signal at a delayed 
reception time instant t/ delayed relative to ttie 
control reception time Instant ti by an actual time 



9 



0 237 972 



10 



fnterval Ta The actual time interval Tc corresponds 
to twice a difference of the distances between tiie 
control earth station 11' and the deviated position 
of the satellite and t>6tween the local earth station 
12^ and the deviated position. 

A reception offset time TO for the local earth 
station* 12* is specified by a total delay time equal 
to a sum of the standard offeet time SO, the time 
variation Tb, and the actual time interval Tc. It is to 
be noted that the standard offset time SO and the 
time variation Tb are actually measured at the 
control earth station 11' while the actual time inter' 
val Tc is determined for the local earth station 12r 
without any measurement 

The local earth station 12^ provides a delayed 
transmission time instant ta' when tiie predeter- 
mined time Interval Ta lapses after the delayed 
reception time instant t/. At the delayed transmis- 
sion time instant ta, transmission is made from the 
local earth station 12 to the control earth station 
11'. 

In order to respond to the transmission earned 
out at the delayed transmission time instant ts'. the 
window must be opened In the control earth station 
11' at a rece|3tion timing. For this purpose, the 
reception timing of tiie control eartti station 11' is 
varied by substituting an additional time variation 
Tb' in the control earth station 11' for the actual 
time interval Tc In the local earth station 12. In 
other words, tiie actual time interval Tc in the local 
eartti station 12 is simulated by the additional time 
variation Tb' in the control earth station 11' to 
determine the reception timing. In the illustrated 
example, the addrtionai time variation Tb' is se- 
lected so that it becomes equal to the time vari- 
ation Tb, afthough the additional time variation Tb' 
Is somewhat different from tiie actual time interval 
Tc of tiie local earth station 12. 

Consequentiy, the window for the local eartii 
station 12 is opened for a preselected duration of. 
for example. 80 microseconds after an additional 
reception time instant t* which Is delayed by the 
additional time deviation Tb' relative to the control 
reception time instant U and which defines the 
reception timing. Thus, the location of the window 
Is prediaed In the control eartii station 11' by 
adding twice the delay time Tb to the standard 
off^ time (SO). 

Reception might t>e made at the control earth 
station 11' with a time enror Td left between the 
reception timing and an actual reception timing, as 
illustrated along the third line. However, it is possi- 
ble to shorten the time error Td in comparison with 
tiie width of each window because the space inter- 
vals among the earth stations are considerably 
shorter than the distance between the satellite and 
each earth station. Accordingly, synchronization Is 
readily established by using tiie additional time 



deviation Tb' in tiie control eartti station 11' instead 
of the actual delay time Tc In the local earth station 

5 

Prefenred Embodiment 

Referring to Rg. 3, the control earth station 11' 
which can canry out tiie operation described In 

10 conjunction wftii . Rg. 2 comprises a transmlttar 
section 21 supplied wftti a sequence of transmis- 
sion data signals DT from -a substation or substa- 
tions (not shown) connected to tiie control eartii 
station 11'. The transmitter section 21 comprises a 

75 transmission interface 22, a transmission controller 
23, and a modulator 24, all of which are similar to 
those known in ttie art and which win not be 
described any longer. At any rate, the transmission 
data signal sequence DT is sent ttvough tiie trans- 

20 mission interface 22. ttie transmission controller 23, 
and tiie modulator to the satellitB in the fbnn of a 
data burst 

The transmission controller 23 is coupled to a 
transmission timing generator 2ff given an osdlla- 

2S tion signal of a predetenmfned frequency from an 
oscillator 27. The transmission timing controller 26 
produces a transmission reference timing signal 
TRS in cooperation with the oscillator 27. The 
transmission reference timing signal TRS is deliv- 

30 ered at a predetermined period of, for example, 
210 milliseconds to tiie transmission controller 23 
to be sent to the satellite as a sequence of refer- 
ence bursts RE shown in Rg. 2. 

The reference burst RE is delivered to the local 

35 earth stations (not shown In Rg. 3) through tiie 
satellite and sent back from tiie satellite to the 
control eartii station 11' as a reflected burst RF. 
The reflected burst RF carries tiie transmis^ 
reference timing signal TRS. Although the reflected 

40 burst RF may include any otiier data signals des- 
tined to ttie contirol eartti station 11', such data 
signals might t)e left out of consideration. 

The reflected txjrst RF is supplied to a detect- 
ing drcuit 31 comprising a first demodulator 32, a 

4s unique word detector 33, and a frame synchroniza- 
tion circuit 34. all of which are known in the art 
The detecting drcuft 31 is operable to monitor the 
reflected burst RF and to establish sychronization. 
To this end, a unique word is detected by tiie 

50 unique word detector 33 and is sent to ttie frame 
synchronization circuit 34. The frame synchroniza- 
tion circuit 34 produces a reception timing signal 
RTS which results from tiie transmission reference 
timing signal TRS. 

55 The reception timing signal RTS is sent to a 
distance measuring circuit 36 for measuring a dis- 
tance between tiie control earth station 11' and the 
satellite of which the position might be variabla 
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The distance measuring cfrcuft 36 comprises a 
counter 37 operable in response to the transmis- 
sion referenos-timing signal TRS and the reception 
timing signal RTS and a reception timing predictor 
38 operable in a manner to be described later. The 
counter 37 starts counting a dock pulse sequence 
in response to the transmission reference timing 
signal TRS and stops counting in response to the 
reception timing agnal RTS. The counter 36 tiiere> 
fore has a count indicative of a time difference 
between the transmission reference timing signal 
TRS and the reception timing signal RTS and 
specifies twice the distance iDetween the control 
eartti station 11' and the satellite. The time dif- 
ference is equal to the standard offset time (SO) or 
a sum of tile standard offset time (SO) and the 
time deviation Tb. both of which are descn'bed in 
conjunction with Rg. 2. \/Vhen tiie satellite is moved 
from the standard position to the deviated position, 
tiie counter 36 serves to measure twice the actual 
distance between the control earth station 11' and 
the satellite and therefore determines the distance 
between tiie control eartti station 11' and ttie sat- 
ellite. 

Refem'ng to Rg. 4 together with Rg. 3, the 
reception timing predictor 38 is supplied witii the 
count of ttie counter 37 as a time difference signal 
TM representative of tiie above-mentioned twice 
difference, in the reception timing predictor 38, a 
standard delay circuit 41 produces a standard off- 
set signal indicative of tiie standard offset time 
value SO (Rg. 2). The standard offset time (SO) 
indicates a standard distance between the control 
eartii station 11' and ttie standard position of the 
satellite, as mentioned before. 

A subtracter 42 subtracts ttie time difference - 
(TM) from the standard offset time (SO) to detect 
tiie time delay of time deviation Tb resulting from a 
movement of the satellite from the standard posi- 
tion to tiie deviated position.. The time deviation Tb 
is delivered to a multiplier 43 as a time deviation 
signal. 

The multiplier 43 multiplies ttie time deviation 
Tb by a factor of two to calculate twice tfie time 
deviation Tb as a prediction time deviation. The 
prediction time deviation is added by an adder 44 
to ttie standard offset time (SO) to specify ttie 
addltionial reception time instant or reception time 
Instant described in connection wftti Rg. 2. Thus, 
a combination of ttie multiplier 43 and ttie adder 44 
is operable to calculate and vary ttie reception time 
instant U and may be named a varying circuit 45 
for varying tfie reception time Instant 

The reception offset time TO between the 
transmission of ttie reference burst RE and the 
reception time instant t« is equal to a sum of tiie 
standard offset time (SO) and a couple of ttie time 



deviations Tb, as mentioned before. The reception 
time instant ttierefbre indicated by a reception off- 
^ time signal TO representative of the reception 
offset time. 

5 In Rg. 3. a reception timing generator 46 is 

supplied with the transmission reference timing sig- 
nal TRS and tiie reception offset time signal TO. A 
reception timing signal is produced from ttie recep- 
tion timing generator 46 wlien the reception offset 

TO time signal TO is received after reception of the 
transmission reference timing signal TRS. 

A receiver section 51 comprises a second de- 
modulator 52, a reception controller 53, and a 
reception interface 54. which are all iaiown in the 

ts art The reception burst RG is sent from ttie local 
earth station 12' through ttie' second demodulator 
52 to the reception controller 53 supplied witti tiie 
reception timing signal. When the window is 
opened in response to the reception timing signal. 

20 reception synchronization is established in ttie con- 
trol eartti station 11'. 

Refiening to Rg. 5, ttie local earth station 12* is 
communicable witii the control earth station 11' 
iliusti-ated in Rgs. 2 tiirough 4 and. comprises a 

25 reception portion 61 and a transmission portion 62 
which are coupled through ttie satellite (not shown) 
to tiie control earth station 11'. 

A reception burst Is sent from ttie control eartti 
station 11' to tiie receh/er portion 61 of the iocaJ 

30 earth station 12' and is sent through a third da- 
modulator 63 and a unique word detector 64 to a 
reception control section 65. The unique word de- 
tector 64 detects a unique word assigned to tiie 
control earth station 11' and produces a local re- 

35 ception timing signal LAT on detection of ttie 
unique word. After establishment of synchroniza- 
tion, a reception data signal DRL is sent tiirough a 
reception Interface 66 to a terminal end (not 
shown). 

40 The local reception timing signal LRT is ghren 
to a timing delay circuit 67. The timing delay circuit 
67 delays ttie local reception timing signal LRT by 
the predetermined time interval Ta illustrated In 
Rg. 3 and supplies the tiransmisslon portion 62 witti 

45 a delayed local reception timing signal as a local 
transmission timing signal LTT. 

The transmission portion 62 comprises a trans- 
mission interfeoe 68, a transmission controller 69. 
and a modulator 70. The transmission controller 69 

50 Is conf oiled by the local ttmsmisslon timing signal 
LTT to be put into a synchronized state. Thereafter, 
a local transmission data signal DTL is sent 
through ttie ttansmission interface 68. the transmis- 
sion controller 69, and ttie modulator 70 to ttie 

55 sateinte. 
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In Rg^ 5, description has -be^ made on tfie 
assumption tiiat tiie fllustrafed local earth station 
12* can not receive a transmission burst sent from 
the local e^rth station 12* rtself. However, this In- 
vention is also applicable In the case where the s 
local earth station tZ can receive its own transmis- 
sion burst 

ThuSr the control earth station IV controls re- 
ception synchronization in consideration of the time 
deviation related to the local earth stations 12'. This' io 
<r\spenses wHh control operation of transmtssfon 
timings in the local earth stations 12* and wftti 
defivery or broadcast of distance Infonnatfon of the 
satellite to the local earth stations 12^. The local 
earth stations 12^ become simple in structure due 15 
fo a light load of processing. 

While tiiis Invention has tiius far been de- 
scribed in coniunction with a preferred embodiment 
thereof, ft will readily be possible for those skilled 
in the art to put this invention into practice in 20 
various other manners. For example, the additional 
time deviation Tb' may not be equal to the time 
deviation Tb. In addition, a plurality of the local 
earth stations may be included in the satellite com- 
munication network. 2s 



dalms 

1. in a control eartii station for use in a time 30 
division multiple access network to communicate 
witii a local earfli station tiirough a geostationary 
satellite which fluctuates from a standard position 
into a deviated position with time with a spatial 
deviation left t)etween said standard and said de* 35 
viated positions, said control earth station compris- 
ing transmission timing means for transmitting a 
transmission reference timing signal towards said 
geostationary satellite, detecting means for receive 
ing a reception timing signal which results from the 40 
transmission reference timing signal sent back from 
said satellite, and reception timing control means 
coupled to said transmission timing nrteans and 
said detecting means for controlling a reception 
time Instant determined for said local earth station. 4S 
the improvement * wherein said reception timing 
control means comprises: 

measuring means responsive to said reception tim- 
ing signal for measuring a time difference between 
said transmission reference timing signal and said so 
reception signal to determine an actual distance 
between said control earth station and said sat- 
ellite; 

standard delay providing means for providing a 
standard delay time determined by a standard dis- 55 
tance between said control earth station and said 
standard position of the satellite; 
detecting means coupled to said measuring means 



and said standard delay providing means for de- 
tecting a time deviation resulting from said spatial 
deviation of the satelOte. with reference to said time 
difference and said standard delay time; and 
varying means coupled to said detecting means 
and said standard delay providing means for vary^ 
Ing said reception time instant for tfie local earth 
station with reference to said standard delay tinr^e 
and said time deviation. 

2. A control earth station as claimed in Claim 1. 
wherein said varying means comprises: 
calculating means coupled to said detecting means 
fbr calculating twice the time deviation as a result 
of calculation; 

adding means coupled to said calculating means 
and said standard delay providing means for add- 
ing said result of tite calcuIaUon to said standard 
delay time to provide a total delay time equal to a 
sum of said rasuit of the calculation and said 
standard delay time: and 

means coupled to said transmission timing means 
and said adding means fbr delaying said transmis- 
sion reference timing signal by said total delay 
time to provide said recepta*on time instant 

3. A control station as claimed In Claim 1 or 2, 
wherein safd transmission reference timing Signal Is 
produced at an invariable period. 

4. In a local earth station for use in a time 
division multiple access network to communicate 
with a control eartii station through a geostationary 
satellite, said local earth station being supplied witii 
a reception timing signal from said control earth 
station through said geostationary satellite, and car- 
rying out transmission in synchronism wftti a local 
transmission timing signal, the improvement 
wherein said local earth station comprises: 

delay means responsNe to said reception timing 
signal for delaying said raception ta'ming signal by a 
predetermined duration to produce a delayed tim- 
ing signal, said predetermined duation being deter- 
mined in said local earth station, and 
means for providing said delayed timing signal as 
said local transmission timing signal. 
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